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Chapter  I. 
Introduction 


In  this  project  we  utilize  the  method  of  pulse  excitation  to  study  atomic 
and  molecular  processes.  The  primary  excitation  is  produced  by  a  pulsed  gas 
discharge.  After  the  cessation  of  the  pulse,  the  populations  of  the 
various  excited  levels  are  monitored.  From  the  time-dependence  of  these 
populations,  it  is  possible  to  determine  rate  constants  for  production  and 
decay  of  different  excited  species  through  collisimal  transfer.  The  pulse 
method  has  an  advantage  over  measurements  in  the  steady  state  in  that  we  can 
study  transfer  processes  without  the  influence  of  the  primary  excitation. 

For  probing  the  populations  of  the  excited  levels  we  use  the  technique  of 
laser  spectroscopy  to  isolate  the  individual  levels. 

To  develop  and  perfect  the  necessary  techniques  for  experimental 
measurement  and  data  analysis  appropriate  to  the  conditions  or  our  work,  we 
perfoim  the  pulse  excitation  experiment  for  a  helium  discharge.  Since  a 
great  deal  is  known  about  the  transfer  processes  in  a  heliun  discharge,  we 
can  conpare  our  results  with  those  of  other  researchers.  In  Chapters  II 
and  III  we  describe  our  study  on  heliun  discharge.  Where  our  results  overlap 
with  those  of  earlier  works,  we  generally  find  good  agreement.  However,  our 
experiments  also  provide  rate  constants  that  have  not  been  measured 
previously.  Furtheimore  our  work  on  heliun  shows  that  the  use  of  pulse 
excitation  along  with  laser  spectrosccpy  is  an  effective  vray  to 
study  excitation  transfer  processes.  In  Chapter  IV  we  report  our  efforts 
to  adopt  this  scheme  to  study  excitation  processes  for  nitrogen  molecules. 


ChJ?>ter  II. 


He  (d^E"")  decay  rate  in  a  high-pressure  helium  afterglow 
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The  development  of  atmospheric  pressure  lasers  has  illuminated  the 
continuing  need  for  the  study  of  collisional  processes  in  high  pressure 
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afterglows.  In  this  paper  vre  report  the  first  measurement  of  the  pressure 
dependent  He,(d\*)  decay  in  the  afterglow  of  a  helium  discharge  at  pressures 
from  50  to  700  Torr.  The  measured  total  collisional  quenching  rate  for  the 
(v  =  0)  He,(dV)  molecule  by  He(l^S)  is (2. 5  ±  0.2)  x  10"^^  cm^  sec'^  at 

M  U 

293®K.  This  corresponds  to  a  thermally  averaged  cross  section  of  0.16  x  10 

2  1 
cm  .  This  work  conplements  an  earlier  paper  idiich  reported  a  total 

3 

collisional  quenching  rate  for  He (3  S)  level  atoms  by  ground  state  He  atoms 
of  (6.4  ±  0.3)  X  10'^^  cm^  sec“^  at  292®K. 

The  experimental  technique  is  based  upon  dye -laser  induced  fluorescence. 
Metastable  He,(a^Z*)  molecules  created  in  the  afterglow  of  the  discharge  are 

4m  U 

excited  to  the  e  II  level  by  a  dye-laser  pulse.  Collisions  rapidly  transfer 

o 

some  of  the  e  11^  molecules  to  the  d  level.  The  temporal  dependence  of  the 

resulting  d^E^  -*■  b^II  fluorescence  is  then  measured.  A  schematic  drawing 

of  the  apparatus  is  shown  in  Fig.  1.  A  Tektronics  115  pulse  generator  s\;q)plies 

a  pair  of  timing  pulses.  The  first  pulse  triggers  the  thyratron- switched  He 

discharge;  the  second  pulse,  after  a  variable  delay  of  50  to  100  ysec,  triggers 

a  thyratron- switched  nitrogen  laser  that  pumps  a  dye  laser.  The  0.05  nm  band- 

width,  3  nsec  duration  dye  laser  pulse  is  tuned  to  the  Q5  line  of  the  (0-0) 

3  3 

band  of  the  He^  e  n  a  E  transition  at  465.2  nm.  After  collimation  to  a 
2  g  u 

beam  diameter  of  3.5  nm,  the  5  yJ  dye  laser  pulse  is  passed  twice  through  the 
afterglow.  The  laser  induced  fluorescence  from  the  (0-0)  band  of  the 
d^E*  b^IIg  transition  at  640  nm  is  imaged  with  1:1  magnification  using  an  f/4 
lens  onto  an  EMI  9785B  photomultiplier.  The  photomultiplier  signal  is  large 


enough  to  be  clearly  displayed  on  a  Tektronics  475  oscilloscope.  Individual 


} 


oscilloscope  traces  are  photographed,  digitized,  and  analyzed  to  determine 
the  ten?)oral  characteristic  of  the  fluorescence. 
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At  each  pressure  the  time  delay  between  the  He  discharge  pulse  and 

3 

the  dye  laser  excitation  pulse  is  increased  until  the  observed  d  decay 

rate  is  independent  of  the  delay  time.  This  ensures  that  remenant  plasma 

ionization  and  reccmbination  does  not  effect  the  measured  decay  rate.  Further 

increases  in  the  delay  time  resulting  in  decreases  of  the  He2(a^Ej^)  and 

He (2  S)  level  populations  by  factors  of  up  to  20  produce  no  change  in  the 

observed  decay  rate.  This  indicates  metastable  He  atoms  and  molecules  do 

not  effect  the  measurement.  Typical  He,(a\^)  densities  for  a  time  delay 

of  100  psec  are  10^^  to  10^^  cm  At  the  pressiores  used  in  this  experiment, 

the  population  of  the  He-Ce^n  )  level  produced  by  the  dye  laser  pulse  is 

^  8 

collisionally  quenched  in  a  time  conparable  to  or  shorter  than  the  duration  of 

3 

the  dye  laser  pulse.  The  observed  rise  time  of  the  640  nm  fluorescence  is 
essentially  the  same  as  the  convolted  rise  times  of  the  photonultiplier  and 

the  dye  laser  pulse.  The  transfer  rate  of  d  level  molecules  back  to  the 

3  3 

e  Ilg  level  is  negligible  at  thermal  energies  because  the  d  E^  level  lies  0.15  eV 

below  the  ^11^  level.  We  have  measured  the  rotational  tenperature  of  the 

He2(a^E*)  molecules  as  a  function  of  the  time.  These  molecules  are  created 

rotationally  hot,  but  they  cool  to  near  rocmi  tenperature  within  100  to  150  psec. 

For  this  reason  we  take  the  neutral  gas  taiperature  to  be  room  temperature. 

The  possible  influence  of  in^rities  upon  the  measured  pressure  dependent 

decay  rate  must  be  considered.  This  is  hankered  by  the  lack  of  theoretical 

or  experimental  knowledge  of  the  reaction  kinetics  of  nonmetastable  He2 

4  5  .  . 

molecules.  The  strong  I^dberg  nature  of  He2  molecules  ’  results  in  similar 
reaction  rates,  normally  within  a  factor  of  3,  for  the  quenching  of  He2(a^E^) 


and  of  He(2^S)  by  ijipurities.^  ^  Present  rate  data  indicate  the  3^S  atoms  are 

3 

only  a  few  times  more  reactive  than  the  2  S  metastable  atoms  idien  cheraioniza- 

tion  is  an  open  reaction  channel. By  analogy  we  expect  the  d^I*  reaction 

3  + 

rates  with  inpurities  to  be  only  slightly  larger  than  the  a  reaction  rates. 

Ihe  a\^  decay  rate  measured  in  our  system  is  always  at  least  a  factor  of  400 

3  + 

slower  than  the  measured  d  2^  decay  rate.  For  this  reason  we  feel  the  inpurities 

do  not  make  a  significant  contribution  to  the  observed  quenching  rates. 

The  He,(d^I*)  decay  rate  as  a  function  of  the  pressure  is  shown  in  Fig.  2. 

Each  datum  point  for  the  He,(d\^)  decay  curve  is  obtained  by  averaging  the 

decay  rates  obtained  from  seven  to  15  oscilloscope  trace  photogr^hs  of 

the  640  nm  fluorescence  signal.  The  error  bars  represent  one  standard 

deviation  in  the  data.  Using  a  least-squares  fit  to  the  expression  R  =  a  +  bP, 

we  obtain  a  =  (1.98  ±  0.14)  x  10^  sec’^  and  b  =  (8.2  ±  0.6)  x  10^  Torr"^ 

sec’^.  The  slope  represents  a  total  collisional  quenching  rate  for  the 

d^zj^  molecule  of  (2.5  ±  0.2)  x  10  cm^  sec  ^  at  293®K  and  the  intercept 

gives  the  radiative  decay  rate  of  the  d  level.  There  is  no  previous  mea- 

suronent  of  the  d^Z*  collisional  quenching  rate.  The  measurements  of  Delpech, 

Gauthier,  and  Devos  taken  between  8  and  34  Torr  indicated  a  pressure  independent 

decay  rate  of  (2.15  ±  0.15)  x  10  ^  sec"^  for  the  isotopically  rare  ^e2(d\*^ 

electronic  state. The  radiative  decay  rate  of  an  electronic  level  should 

be  the  same  for  *He2  and  He2  and  collisional  quenching  rates  of  the  d  Z^ 

3  4 

level  molecules  of  He2  and  He2  by  ground  state  He  atoms  should  be  similar. 
Within  the  uncertainty  of  their  experiment,  decay  rates  predicted  by  our 
experiments  and  analysis  agree  with  the  results  of  Delpech  et  al.  when  our 
experiments  are  extrapolated  to  the  pressures  used  by  Delpech  et  al. 
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The  lack  of  three  body  potential  surfaces  for  He^  prevents  a  definite 

theoretical  prediction  of  the  reaction  pathways  in  the  collisional  quenching 

of  He^Cd^Z^)  molecules  by  theimal  He(l^S)  atoms.  The  probable  reaction 

products  may  be  conjectured  by  using  as  guidelines  conservation  of  spin, 

access  to  only  energetically  allowed  levels,  and  magnitude  of  enei^  defect 

between  initial  and  final  states.  Possible  products  would  then  be  two 

tfeCl^S)  atoms  plus  a  He(2^S)  atom  or  one  He(l^S)  atan  plus  either  a 
3+3  3  + 

He-  a  Z  ,  b  n  ,  or  c  Z  molecule.  The  energy  defect  between  the  (v  =  0) 

^  o  o 

3  +  3  + 

d  Z  level  and  the  highest  vibrational  level  of  the  c  E  molecule  is  more 

S 

3  1  3  + 

than  0.5  eV.  The  2  S  +  1  S  dissociation  limit  of  the  a  Z^  level  molecule 

is  about  0.8  eV  below  the  (v  =  0)  <i^Zy  level.  For  these  channels  kinetic 

energy  of  the  products  must  take  i;?>  rather  large  amounts  of  energy.  However, 

the  (v  =  0)  d^Z^  level,  which  lies  about  0.25  eV  below  the  2^P  +  l^S 

3 

dissociation  limit  of  the  b  n  molecule,  is  nested  among  the  high  lying 

3  1 

b  n  vibrational  levels.  Atom  exchange  collisions  between  He(l'‘^S)  atoms  and 

He2(d^Z*)  molecules  could  be  effective  in  producing  these  vibraticnally 

excited  b^n^  molecules.  Of  course,  it  may  be  possible  to  produce  He2  in 

3  +  3 

the  c  Z  state  or  in  the  low  vibrational  levels  of  the  b  n  state  via 

o  o 

crossings  of  the  appropriate  potential  surfaces  of  the  He^  system.  In  the 

absence  of  any  detailed  information  on  such  potential  surfaces,  we  are  not 

able  to  ccraraent  on  the  likelihood  of  these  mechanisms.  Nevertheless,  it  is 

interesting  to  note  that  the  valence  electron  of  He-(d^Z^)  is  largely  3s- 

M  u 

3  12  3  -1  1 

like  and  that  the  quenching  rate  for  the  He (3  S)  atom  (6.4  x  10  cm  sec  ) 

3  + 

is  indeed  rather  close  to  that  of  the  He2(d  Z^)  molecule.  Based  on  theoretical 

calculations  it  is  believed  that  a  major  quenching  mechanism  for  the 
3  3  3 

He(3  S)  atom  is  the  nonresonant  3  S  -  2  P  excitation  transfer  due  to  the 


8 

curve  crossing  of  the  and  d^E^  potentials.^  Thus,  one  may  speculate 
analogous  kinds  of  potential  surface  crossings  for  the  He^  system  which 
may  result  in  nonresonant  d^E*  -  c^E*  and  d^E^  -  collisional  transfer.  . 
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The  dye-laser  radiation  is  collimated  by  a  telescope  and  then  passed  throug] 
He  discharge.  Dye -laser  induced  fluorescence  is  imaged  onto  the  cathode  of 
photomultiplier  tube  FM  by  lens  LI. 
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Collisional  quenching  of  He,  molecules  in  the 

3  ^  " 

a  level  by  ijipurity  gases 
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I.  Introduction 

This  chapter  reports  measurements  o£  the  rate  constants  (at  room  tarperature) 

3  ^ 

for  the  collisional  quenching  of  He2  molecules  in  the  a  level  by  Ar,  N2, 

1  2 

O2,  H2,  and  CO2.  The  diatomic  He2  molecule  has  a  strong  Rydberg  character,  ’ 
and  there  is  a  close  correspondence  between  the  a^Z^  level  of  the  He- 

U  M 

3 

molecule  and  the  2  S  level  of  the  He  atom.  Hence,  the  measurements  reported 

in  this  paper  parallel  the  measurements  of  the  rate  constants  for  the 

3  3^56 

collisional  quenching  of  the  He(2'^S)  level  by  various  atoms  and  molecules.'^*  ’  ’ 

Our  measurements  are  performed  in  the  afterglow  of  a  pulsed  He  discharge 

at  pressures  of  200  and  300  Torr.  Metastable  He-(a^l^)  molecules  are  created 

in  the  afterglow  of  the  pulsed  discharge  predominantly  through  the  recombination 

of  molecular  He^  ions  and  through  the  conversion  of  metastable  He(2^S)  atoms 

3  +  3  3 

into  He(a  molecules  by  the  reaction  He(2  S)  +  2He  -►  He  (a  +  He. 

3  +  3 

Some  of  the  He2(a  E^)  molecules  are  excited  to  the  e  it^  level  by  a  pulse  of 

light  from  a  N2  laser-purrped  dye  laser  tuned  to  465  nm,  the  wavelength  of  the 

05  line  of  the  (0-0)  band  of  the  e\  ■«-  transition.  Collisions  with 

g  u 

ground  state  He  atoms  rapidly  transfer  some  of  the  e^Ti  molecules  to  the  d^I^ 

g  ^ 

3  +  3 

level.  The  resulting  fast  fluorescence  on  the  d  E^  b  transition  at 
640  nm  is  monitored.  The  optical  absorption,  collisional  transfer,  and 
optical  emission  are  shown  in  Fig.  1.  The  change  in  the  fluorescence  yield 
as  the  delay  between  pulsing  the  He  discharge  and  pulsing  the  N2  purtped  dye 
laser  increases  is  used  to  monitor  the  change  of  the  population  of  the  a  E^ 
molecules.  The  collisional  quenching  rate  of  the  He2Ca^E^)  molecules  is 
measured  at  different  concentrations  of  foreign  gas  yielding  Stem-Volmer 
plots  of  the  a  E^  quenching  rate  as  a  function  of  the  foreign  gas 


concentration. 
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There  are  two  previous  measurements  of  the  collisicaial  quenching  rate 

3  +  8 

of  the  He2(a  level  by  a  foreign  gas.  Lee  and  Collins  have  measured 

the  rate  constants  for  the  quenching  of  He2(a^Ej|^)  molecules  by  Ne, 

Ar,  N2,  CO,  CO2,  and  CH^  in  the  afterglow  of  an  electron-beam  generated  ^ 

discharge  at  He  pressures  from  1,500  to  2,500  Torr.  They  present  their 

measurements  as  effective  rate  cmstants  since  at  the  high  pressures  of  their 

experiment  three  body  collisions  among  He2(a  molecules,  foreign  gas 

molecules,  and  He(l^S)  atoms  account  for  30  to  50%  of  the  quenching  collisions. 

q 

Pitchford  and  Deloche  have  measured  the  rate  cmstant  for  quenching  of 
He, (a^Z^)  molecules  by  Ar  at  He  pressures  below  60  Torr. 

In  the  present  work,  we  combine  our  data  for  Ar,  N2,  and  CO2  taken  in  the 
afterglow  of  a  He  discharge  at  pressures  of  200  and  300  Torr  with  the  data  of 
Lee  and  Collins  to  extract  both  bimolecular  and  termolecular  rate  constants. 

A  similar  analysis  has  been  used  by  Lee,  Collins,  Pitchford,  and  Deloche^*^ 
to  obtain  bimolecular  and  termolecular  rate  constants  for  the  quenching  of 
He,(a^Z^)  molecules  by  Ar. 

II.  E}q)erimental  Apparatus  and  Method 

A  schematic  drawing  of  our  ejqierimental  apparatus  is  shown  in  Fig.  2 . 

The  Tektronic  115  pulse  generator  supplies  a  pair  of  +2V,  10  nsec  duration, 
timing  pulses  at  a  10  Hz  repetition  rate.  The  first  pulse  triggers  the 
thyratron- switched  He  discharge;  the  second  pulse  triggers  the  thyratron- 
switched  N2  laser  that  pimps  the  dye  laser.  The  0.05  nm  bandwidth,  3  nsec 
pulse  duration  dye  laser  is  tuned  to  the  465. 2nm  Q5  line  of  the  (0-0)  band  of 
the  He,  e\  ■»-  a\^  transition.  After  collimation  to  a  beam  diameter  of  3.5  mm, 
the  5  vid  dye  laser  pulse  passes  through  the  center  of  the  discharge  region  and 
then  reflects  off  a  mirror  back  through  the  discharge  at  a  small  angle  to  its 

J 
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original  path.  A  lens  stopped  to  f/4  linages  the  laser- induced  fluorescence 
of  the  (0-0)  band  of  the  d  b  transition  at  640  nm  onto  an  EMI  9684B 
photomultiplier  with  1:1  magnification.  The  dye  laser  pulse  strongly  saturates 
the  transition.  The  amount  of  laser  induced  fluorescence  is 

proportional  to  the  concentration  of  a^E*  (v=0,  J=5)  molecules.  The 
fluorescence  signal  is  displayed  on  a  Tektronix  475  oscilloscope. 

The  a^E*  decay  rate  is  measured  as  follows:  A  neutral  density  filter 
of  5  or  10%  transmission  is  located  between  the  discharge  and  photanultiplier. 

The  delay  between  the  He  discharge  and  the  N2  laser  discharge  is  adjusted  so 
that  the  fluorescence  signal  is  near  the  upper  end  of  the  photomultiplier's 
linear  region.  As  the  delay  increases,  neutral  density  filters  of  higher 

transmission  are  substituted  so  that  the  peak  signal  currents  remain  between 
0.15  and  0.4  mA.  The  scan  ends  vAien  the  delay  becomes  so  long  that  the  peak 
current  drops  below  0.15  mA  with  no  neutral  density  filter  present.  The 
increment  in  delay  is  chosen  so  that  the  fluorescence  signal  is  measured 
8  to  12  times  during  a  scan.  The  delay  is  measured  with  an  accuracy  of  ±0.5%. 

The  time  dependence  of  the  fluorescence  signal  is  exponential  and  the 
time  constant  does  not  change  as  the  delay  increases.  The  amount  of  laser- 
induced  fluorescence  is  proportional  to  the  peak  height  of  the  photomultiplier 
signal  observed  on  the  Tektrcnic  475  oscilloscope.  At  each  delay  the  peak 
heights,  which  vary  by  10  -  15%  from  pulse  to  pulse,  are  averaged  by  eye. 

The  peak  heights  are  normalized  by  dividing  the  measured  peak  height  by  the 
transmission  of  the  neutral  density  filter  at  640  nm.  The  normalized  data 
are  then  graphed  on  semi -log  paper  resulting  in  a  plot  like  that  shown  in  Fig.  3. 
For  each  scan  a  least- squares  fit  of  the  normalized  data  to  an  expression  of  the 
form  aexp(-bt)  is  performed  where  t  is  the  time  in  seconds. 
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For  each  foreign  gas,  four  sanples  of  foreign  gas -He  mixture  of  varying 
concentraticn  are  prepared.  The  preparation  of  the  gas  mixture  is  done  over 
a  six  day  period.  We  start  with  a  full  size  lA  cylinder  of  99.995%  purity 
He  gas  (43.8  liter  internal  volume  pressurized  to  about  2,400  psi).  On  the 
first  day,  the  decay  rates  of  the  a\*  level  in  a  200  and  in  a  300  Torr  He 
discharge  are  measured  for  the  source  cylinder.  Each  of  the  four  succeeding 
days  a  sanple  is  prepared  by  filling  a  cylinder  evacuated  to  a  pressure  of  a 
few  m  Torr  to  a  pressure  of  several  Torr  of  the  foreign  gas  and  then  to  a 
total  pressure  of  316  psi  with  He  fran  the  source  tank.  The  foreign  gas 
pressure  in  the  second,  third,  and  fourth  mix  cylinders  are  noninally  2,  3, 

X  + 

and  4  times  that  of  the  first.  On  the  sixth  day,  the  a  decay  rates  in 
a  200  and  in  a  300  Torr  He  discharge  are  again  measured  for  the  source 

cylinder.  The  source  cylinder  decay  rate  increases  from  values  of 
0. 5-1.0  X  10^  sec  ^  initially  on  day  1  to  1. 0-2.0  x  10^  sec  ^  on  day  6  after 
the  filling  of  the  4  mix  cylinders.  We  do  not  know  why  the  background  decay 
rate  increases  with  time,  but  we  speculate  that  the  He  tank  may  have  a 
contaminent  with  a  constant  vapor  pressure  so  that  the  contaminant  fraction 
increases  as  He  is  withdrawn  from  the  tank.  We  assume  in  the  data  analysis 
that  the  backgrotnd  rate  of  the  source  tank  increases  linearly  with  time  as 
the  tanks  are  filled.  We  estimate  that  this  assutiptioi  contributes  only 
about  a  5%  uncertainty  to  the  rate  constants  measured. 
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3 

III.  Rate  Constants  for  Collisicnal  Quenching  of  He- (a  i  .  v  =  0) 

U 

Molecules  by  Ar,  N2,  O2,  H2,  and  CO  2 

The  rate  equation  describing  the  evolution  of  the  a^r^  population 
during  the  afterglow  is  given  by: 


or 


W  =  V  +  K2[X]  +  KjTO  [He] , 


-1  d[M] 


=  V  +  K[X] 


(1) 

(2) 


where  [M],  [X],  and  [He]  are,  respectively,  the  concentrations  of  He~[a^Z*, 

V  =  0)  molecules,  the  added  foreign  gas,  and  the  He  (l^S)  atoms,  K2  is  the 
bimolecular  rate  constant,  Kj  is  the  teimolecular  rate  constant  for  the 
destruction  of  a  molecules  by  foreign  gas  X,  and  K  =  K2  +  Kj[He]  is  the 
effective  rate  constant.  The  rate  v  represents  loss  and  source  terms  due 
to  other  processes  that  affect  the  population.  Loss  terms  include 
diffusion  of  a^Z^  molecules  out  of  the  discharge  region  and  collisions  between 

the  a\^  molecules  and  inpurities  in  the  helium,  other  a^Z^  molecules, 

3 

He (2  S)  metastable  atoms,  and  electrons.  Source  terms  include  recombination 

3  1 

of  tfe2  ions  and  collisions  of  He (2  S)  atoms  with  two  He(l  S)  atoms.  The  data 
analysis  assumes  that  the  rates  encompassed  under  v  are  either  constant  during 
the  afterglow  or  of  such  small  size  ccmpared  to  the  total  a  Z^  decay  rate  that 
they  are  negligible.  This  assumption  is  justified  in  Ref.  11. 
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The  fractions  of  molecules  in  the  lower  J  levels  at  various  delay  times 
are  measured  by  punping  the  Ql,  Q3,  Q5,  and  Q7  lines  of  the  e  a  transition  with 
the  dye  laser.  An  approximate  rotational  temperature  is  calculated  from  the 
measured  fluorescence  signals  for  the  various  rotational  levels.  At  all  times 
the  rotational  populations  are  nearly  represented  by  a  Boltzmann  distribution. 

The  a^zj^  molecules  are  created  rotationally  hot  with  a  rotational  tenperature  of 
about  400°K  at  the  shorter  delays  and  cool  to  near  room  tenperature  within  100 
to  150  ysec  in  agreement  with  observations  by  Callear  and  Hedges.  The  population 
of  the  J  =  5  level  is  nearly  independent  of  the  tenperature  for  a  Boltzmann 
distribution;  for  exanple  the  fraction  of  the  a^Z^  population  in  the  J  =  5  level 
is  0.262  at  400°K  and  is  0.266  at  290°K  for  a  Boltzmann  distribution.  The 
measured  ratios  of  the  fluorescence  signals  show  that  the  fraction  of  the  a^z* 
population  in  the  J  =  5  level  is  nearly  independent  of  the  delay  decreasing  slightly 
from  0.30  ±  0.01  at  a  delay  of  about  20  ysec  to  0.28  ±  0.01  at  90  psec.  Thus  the 
measured  populations  for  the  J  =  5  level  are  in  reasonable  agreement  with  the 
populations  calculated  using  a  Boltzmann  distribution  and  our  measured  tenperature 
as  a  function  time.  Since  the  rotational  tenperature  cools  to  room  tenperature, 
we  take  the  neutral  gas  kinetic  tenperature  to  be  room  tenperature  295  +  7°K. 

In  our  analysis  we  neglect  several  effects  that  can  cause  systematic 
errors.  The  systematic  errors  in  this  experiment  are  estimated  to  be  about 
101  for  electron+He^  recombination  producing  a^z*  (v  =  0)  molecules,  6% 
for  the  change  in  the  ratio  of  the  concentration  of  a  Z^  (v  =  0,  J  =  5) 
molecules  to  the  total  a^Z^  (v  *  0)  concentration,  51  for  the  conversion  of 
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He(2^S)  metastable  atoms  directly  producing  (v  =  0)  molecules,  2%  for 

electron- He,  collisions  that  depoptilate  the  (v  =  0)  level,  and  1%  for 

He(2^S)-He-(a\^)  collisions  that  depq>ulate  the  (v  *  0)  level.  Thus  there 
is  a  20%  uncertainty  in  our  measurement  due  to  systematic  errors.  Although  there  is 
no  direct  measurement  of  the  vibrational  distribution  of  a^r^  molecules  produced 
by  the  reaction 

He(2^S)  +  2He(l^S)  ->■  He^Ca^"^)  +  He(l^S)  (3) 

it  is  e;q)ected  that  the  He2(a^Z^)  molecules  vfill  be  created  mostly  in  high 
vibrational  levels.  If  the  fraction  of  a^E^  molecules  produced  in  the  v  =  0 
vibrational  level  is  non-negligible,  the  conversion  of  He(2^S)  atrans  to  He,(a^E^) 
molecules  will  represent  a  long- lived  source  of  a^E*  molecules  in  the  afterglow 
that  will  affect  the  measured  a^E^  decay  rate. 

A  Stem-Volmer  plot  of  H2  partial  pressure  against  He2(a  E^,  v  =  0)  decay 

rate  is  shown  in  Fig.  4.  For  this  figure,  each  datum  point  in  the  upper  plot 

is  the  average  value  of  the  decay  rates  measured  in  4  to  6  data  scans.  The 

error  bar  for  each  point  is  determined  by  adding  in  quadrature  the  standard 

deviation  of  the  average  decay  rate  and  the  average  xmcertainty  in  the  fitted 

decay  rate  of  each  scan.  The  data  points  at  zero  partial  pressure  are 

background  decay  rates  for  the  helium  from  the  source  tank  before  and  after 

the  mix  tanks  are  filled.  After  the  background  rate  is  subtracted  from  the 

average  rate,  the  reduced  data,  shown  in  the  lower  plot,  at  200  and  300  Torr 

are  separately  fitted  to  the  expression  R  =  a  +  bP  where  R  is  the  decay  rate 

and  P  is  the  foreign  gas  partial  pressure.  The  least-squares  fit  generates 

the  dashed  and  solid  lines  shown  in  the  figures.  The  slope  of  each  line 

gives  the  rate  constant  for  quenching  of  He, (a  E  ,  v  =■  0)  molecules  by 

6  u 
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collisions  with  the  foreign  gas.  The  effective  rate  constant  K,  listed 
in  Table  1  for  each  foreign  gas,  is  the  average  of  the  rate  constants  for 
the  200  Torr  data  and  for  the  300  Torr  data.  The  uncertainty  in  K  results 
frcan  the  20%  systematic  uncertainty,  the  statistical  uncertainty  in  the 
rate  constants  determined  by  the  least-squares  fit,  and  the  5%  uncertainty 
in  subtracting  out  the  background  decay  rate. 

Referring  to  equations  1  and  2,  the  quenching  of  a  He2(a^i:*)  molecules 
by  X  results  from  either  the  bimolecular  reaction 

He2(a^Z*)  +  X  -*■  Products  (rate  constant  K2)  (4) 

or  from  the  termolecular  reaction 

+  X  +  He  products  (rate  constant  Kj)  (5) 

In  the  collision  between  the  a^lj^  molecule  and  X,  the  long  range  radial  potraitial 
is  the  sura  of  the  Van  der  Waal  attraction  and  the  centrifugal  potential.  If 
the  reactants  do  not  have  enough  center  of  mass  kinetic  energy  to  surmount  the 
centrifugal  barrier,  a  glancing  collision  occurs.  If  the  reactants  can  surmount 
the  centrifugal  barrier,  the  reactants  come  close  together,  spiralling  about 
one  another,  with  the  activation  energy  determining  the  probability  of  a 
reaction.  During  the  collision  a  third  body,  a  He2(l^S)  atom  for  this 
experiment,  may  change  the  trajectory  and  the  kinetic  energy  of  the  reactants 
enhancing  the  likelihood  of  spiralling  collisions. 

In  describing  the  collisions  of  foreign  gas  molecules  with  He(2^S)  atoms 
and  with  He^  ions,  Collins  and  Lee^’^^  calculate  classical  three-body  capture 


rates  that  agree  fairly  well  with  their  measurements  of  termolecular  rate 
constants  for  the  respective  collisions.  Since  the  polarization  potentials 
are  not  known  for  interactions  between  He,(a^2:^)  molecules  and  other 
molecules,  similar  calculations  for  collisions  with  a^Z^  molecules  have  not 
been  done. 

3  4  5 

Frm  previous  work  on  collisional  quenching  of  He (2  S)  atoms  ’  and 
3  +  8 

He2(a  molecules  and  consistent  with  our  results,  the  changing  of  the 
He  pressure  in  the  discharge  from  200  Torr  to  300  Torr  while  holding  the 
partial  pressure  of  the  foreign  gas  constant  results  in  about  a  5%  increase 
in  the  effective  rate  constant.  The  pressure  range  used  in  this  experiment 
is  too  small  to  permit  an  accurate  determination  of  both  the  bimolecular 
and  the  termolecular  rate  constants  from  the  measured  effective  rate  constants. 
Data  points  from  measurements  of  a\^  decay  rates  at  He  pressures  between 
1,500  and  2,500  Torr  are  given  for  N2  partial  pressure  of  14,  50,  and  75  mTorr 

Q 

by  Lee  and  Collins  and  for  Ar  partial  pressures  of  15  and  50  mTorr  by  Lee 
et  al.^^  We  combine  our  data  and  their  data  in  our  analysis. 

Figure  5,  which  is  a  plot  of  a^E*  decay  rate  £is  a  function  of  the  He 
pressure  after  the  background  decay  rate  has  been  subtracted  out,  shows  the 
data  points  given  by  Lee  and  Collins  for  14,  50,  and  75  mTorr  partial  pressures 
of  N2.  The  low  helium  pressure  data  points  are  generated  by  multiplying  the 
rate  constants  obtained  from  our  measurements  at  200  and  300  Torr  by  the 
partial  pressure  of  N2.  The  termolecular  rate  constant  is  determined  by  a 
least  squares  fit  of  the  higher  helium  pressure  data  points  to  the  expression 

=  K  +  K3  ([He]  -  [Help)  (6) 

3 

where  R  is  the  a  E^  decay  rate,  [N2]  is  the  N2  concentration,  K  is  the  effective 

rate  constant  determined  from  our  low  pressure  data,  1.6  x  10  cm^  sec  and 
18  -3 

[He]  *  8.25  X  10  cm  is  the  concentration  of  He  atoms  in  a  room  temperature 
o 
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gas  at  250  Torr.  The  bimolecular  rate  constant  K2  is  given  by 

K2  =  K  -  K3  [He]^.  (7) 

The  uncertainty  assigned  is  one  half  the  difference  in  the  slope  of  the 
shallowest  and  steepest  lines  that  bound  the  data.  At  the  high  He  pressures 
used  by  Lee  and  Collins,  the  processes  causing  source  and  loss  terms  evolve 
rapidly  so,  that,  during  the  decay  of  the  a^Z^  population  in  the  afterglow, 
systematic  effects  are  small  con^jared  to  the  statistical  scatter  of  the  data. 

The  uncertainty  assigned  to  K2  is  equal  to  the  uncertainty  in  K.  This  gives 
K2  =  (1.5  ±  0.4)  X  10‘^°  cm^  sec"^  and  =  (2.3  ±  0.9)  x  10'^°  cm^  sec'^  for 
N2.  The  solid  lines  in  Fig.  6  are  generated  from  the  bimolecular  and 
termolecular  rate  constants  given  above  for  N2.  The  dashed  lines  indicate 
the  product  of  the  partial  pressure  of  N2  times  the  effective  rate  constant 
given  in  Ref.  8  for  He  pressures  in  the  range  from  1,500  to  2,500  Torr. 

We  use  the  same  procedure  to  obtain  K2  and  from  our  Ar  data  and  the 

At  data  of  Lee  jet  This  gives  K2  =  (5.9  ±  2.4)  x  10'^^  cm^  sec"^  and 

Kj  =  (4.4  ±  1.6)  X  10  cm^  sec  Lee  et  ^  use  a  previous  low  He  pressure 

9 

measurement  by  Pitchford  and  Deloche  of  the  rate  constant  for  quenching  of 
a^zj^  molecules  by  Ar  to  determine  K2  =  (1.5  ±  0.3)  x  lO'^^  cm^  sec’^  and 
Kj  =  (2.4  ±  0.9)  X  10  cm^  sec  A  possible  reason  why  our  analysis  and  that 
of  Lee  et  gives  different  vAlues  for  K2  and  is  given  at  the  end  of  this 
section. 

Because  Lee  and  Collins  do  not  show  their  data  for  CO2,  we  estimate 
the  bimolecular  and  termolecular  rate  constants  using  a  different  method. 

They  give  the  effective  bimolecular  rate  constant  for  the  quenching  of 
a^z^  molecules  by  CO2  at  helium  pressures  between  1,500  Torr  and  2,500  Torr 
as  (9.5  ±  2.8)  x  10  cm^  sec  Using  our  effective  rate  constant  at 
250  Torr  for  CO2,  (6.4  ±  1.8)  x  10  cm^  sec  we  solve  the  following  equations 
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6.4  X  10" cm^  sec"^  =  K2  +  (250) (3. 3  x  10^^  on'^)  (8) 

and 

9.5  X  10‘^°  cm^  sec'^  =  K2  +  (2000)  (3.3  x  10^^  cm'^).  (9) 

This  gives  K2  =  (5.9  ±  1.8)  x  lO'^®  cm^  sec'^  and  =  (5.4  ±  2.1)  x  10'^° 
cm^  sec'^  where  the  uncertainty  in  K2  is  set  equal  to  the  uncertainty  in  K 
and  the  relative  uncertainty  in  is  set  equal  to  the  relative  uncertainty 
in  Kj  for  N2,  about  40%.  These  results  for  N2,  Ar,  and  CO2  are  summarized 
in  Table  I. 

Direct  conparison  with  other  experiments  is  not  possible  except  in 

the  case  of  Ar.  For  N2,  O2,  and  H2,  the  rate  constants  for  the  quenching 

of  a^L^  molecules  seem  reasonable,  being  1.5  to  3  times  larger  than  the 

corresponding  rate  constants  for  the  destruction  of  2^S  atoms.  The 

bimolecular  and  terraolecular  rate  constants  calculated  from  the  data  of 

this  experiment  coirbined  with  the  data  of  Lee  and  Collins  for  quenching  of 

a  Ey  molecules  by  N2  are  quite  similar  to  the  rate  constants  measured  by 

Lee  et  al^®  for  quenching  of  a^E^  molecules  by  Ar.  This  similarity  in  value 

3 

is  also  seen  in  the  rate  constants  for  the  quenching  of  He (2  S)  atoms  by 

Ar  and  by  N2.  The  bimolecular  rate  constant  that  we  calculate  for  the 

quenching  of  a  E  molecules  by  00,  is  slightly  smaller  than  the  corresponding 

3 

rate  constant  for  quenching  of  2  S  atoms.  However,  when  one  considers  the 
uncertainties  given  for  the  CO2  measurements,  the  small  difference  is  not 
significant. 

3 

Lindinger  et  al  observe  that  the  collisional  quenching  rate  constants 

for  He(2^S)  atoms  by  various  gases  yield  reasonably  straight  lines  for  Arrhenius 

3 

plots.  They  calculate  activation  energies  for  the  quenching  of  2  S  atoms 
by  H2,  N2,  Ar,  O2,  and  GO2  of  72,  59,  59,  36,  and  19  mV,  respectively.  If 


J 
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the  activation  energies  for  the  quenching  of  a^z^  molecules  by  these  five 
gases  all  scale  downward  by  the  same  factor  from  their  respective  valioes 
for  the  quenching  of  2^S  atoms,  the  relative  increase  in  the  rate  constant 
would  be  greatest  for  H2  and  progressively  less  for  N2,  Ar,  O2,  and  CD^ 
with  the  relative  change  in  Ar  and  N2  being  the  same.  This  behavior  is 
consistent  with  our  measurements  if  one  uses  the  value  of  Lee  et  al^^  for  Ar 

instead  of  the  one  deteimined  in  this  work.  Testing  this  speculation  that 
all  the  activation  energies  scale  downward  by  approximately  the  same  factor 
would  require  measuring  the  rate  constants  over  a  range  of  tenperatures ,  an 
experiment  not  possible  with  our  apparatus. 

As  a  final  point,  there  is  a  large  disagreement  between  this  work  and 
that  of  Lee  et  al  in  the  rate  constant  measured  for  Ar.  The  reconbination 
coefficient  at  room  temperature  for  Ar*  ions  is  quite  small, 6  x  10  cm^ 
sec'^.  Since  the  second  ionization  potential^^  of  Ar  is  larger  than  the  energy 
stored  in  either  the  He(2^S)  or  the  He2(a^Z^)  metastables,  Ar  ions  do  not 
readily  react  with  He  metastables.  Measurements  in  this  work  are  performed 
later  in  the  afterglow  than  those  of  Lee  et  al.  Conversion  of  Ar  atoms  to 
Ar^  ions  by  collisions  with  He  metastables  could  reduce  the  concentration  of 
Ar  atoms  in  the  later  afterglow  enough  to  reduce  the  measured  rate  constants 
for  the  quenching  of  a^zj^  molecules.  This  possible  problem  does  not  arise 

for  the  other  molecules  used  in  our  experiments.  For  example,  the  re- 

-7  -7  3  -1 

combination  coefficients  for  N2  and  ©2  are  2.0  x  10  and  2.2  x  10  cm  sec  , 

respectively. 
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Table  I 


Rate  constants^ for  quenching  of  He2(a^E*)  metastable  molecules  and  He(2^S)  metastable 
atoms  at  room  temperature. 


X 

k‘^ 

^3 

K  ^ 

h 

K  ® 

*^3 

Ar 

9. 

1+2.8 

31±9 

5.9±2.8 

4.4±1.6 

15±3 

2.4±0.8 

^2 

16 

±4.7 

30±9 

15  ±4.7 

2.3±0.9 

^2 

27 

±9.3 

»2 

11 

±3.5 

CO2 

64 

±21 

95±28 

59  ±21 

5.4±2.1 

He(2^S) 

X 

^2^ 

K  8 
^2 

K  ^ 

*•3 

Ar 

7.1±2.1 

7.5±2.0 

2.2±0.7 

N2 

7. 1+2.1 

6.9±2.1 

2. 9+0. 7 

O2 

24.5±7.4 

19  +6 

3.U1.2 

«2 

2.9±0.9 

3.8±1.1 

1.2+0. 3 

CO2 

65  ±20 

70  ±21 

8.3±1.0 

\  and  are  in  units  of  10’^^  cm^  sec'^  and  is  in  units  of  10‘^°  cm^  sec’^. 
^This  work. 

'"From  Ref.  8. 

^This  work  combined  with  Ref.  8. 
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FIG.  1.  Simplified  energy  level  diagram  for  He2  molecules  showing  the 

energy  separation  of  the  v  «  0  vibrational  levels  of  the  electronic 
configuration  relevent  to  this  paper. 
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photomultiplier  tube  PM  by  lens  LI. 


Torr  He 


Data  plot  of  the  laser -induced  fluorescence  signal  as  a  function  of  delay  in  th 
afterglow.  The  data  for  this  plot  are  taken  for  a  200  Torr  He  discharge  with  a 
38.5  nv  Torr  N~  partial  pressure. 
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Chapter  IV. 

The  electrcjn.  excitation  of  molecules 


Measurements  of  the  absorption  and  emission  intensities  of  various 

electronic  transitions  and  their  time-dependence  in  a  pulsed  electron-excited 

N2  experiment  fumish  an  effective  means  of  probing  collisional  energy  transfer 

processes.  In  order  to  extract  the  rate  constants  for  the  transfer  processes 

it  is  inportant  to  know  the  direct  electron  excitation  cross  sections  of  the 

low  excited  electronic  states,  especially  the  triplet  series.  Measurements 

3  3 

of  the  excitation  cross  sections  for  the  B  11  and  C  n  levels  by  the  optical 

s 

method  have  been  reported  from  several  laboratories,  but  nuch  less  is  Icnown 
about  the  level.  This  level  is  metastable  and  play  an  important  role 
in  many  atmospheric  and  laboratory  processes.  The  first  step  of  our  effort 
in  this  phase  of  the  work  is  to  measure  the  electron  excitation  cross  section 
of  the  A^Z*  level  of  N». 

U  it 

The  electron  excitation  of  many  N2  levels  can  be  studied  by  measuring 

the  emission  intensity  from  these  excited  levels.  The  a\  level  of  N2  is, 

however,  metastable  so  that  emission  studies  are  very  difficult.  Thus  a  different 

method  is  desirable  to  study  the  electron  excitation  of  the  A^Z  level  of  N2. 

We  have  used  the  laser  induced  fluorescence  method  for  attenpting  to  study  the 
3 

excitation  of  the  A  Z  level. 

Our  apparatus  is  shown  schematically  in  Fig.  1.  The  laser  induced 
fluorescence  method  works  as  follows.  A  vacuum  chamber  contains  a  low  density 
of  N2  gas  (1  -  30  mTorr) .  An  electron  beam  passes  through  the  low  density 
N2  gas.  The  electron  beam  is  formed  from  an  indirectly  heated  cathode  and 
is  extracted  and  focussed  into  a  parallel  beam  with  a  diameter  of  about  2  nm 
using  a  nimber  of  electrodes.  The  energy  of  the  electron  beam  is  variable 
from  a  few  eV  to  about  300  eV.  The  voltage  that  deteimines  the  energy  of 
the  electron  beam  is  used  to  drive  the  x  input  of  an  x-y  recorder.  The  electron 
beam  collisionally  excites  some  of  the  N2  molecules  to  various  excited  energy 
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3  3 

levels  including  the  A  S  level.  Some  of  the  A  S  molecules  formed  result 

from  the  direct  electron  excitation  process  and  others  result  from  the 

excitation  of  higii  levels  that  produce  A^Z  level  molecules  by  cascading. 

A  dye  laser  beam  is  normally  incident  cm  the  electron  beam.  The  dye  laser 

3  3 

beam  is  tuned  so  that  the  wavelength  corresponds  to  a  particular  A  S  -►  B  11 

3 

vibration  rotation  transition.  The  B  n  level  molecules  thus  formed  radiate. 

3 

The  B  n  laser  induced  fluorescence  is  observed  along  an  axis  that  is 
perpendicular  to  both  the  electron  beam  and  the  laser  beam.  The  electron 
excitation  cross  section  of  the  A  Z  level  can  be  obtained  from  measurements 
of  the  Iciser- induced  fluorescence  from  the  B^  level. 

We  initially  used  a  Spectra  Physics  broad  band  cw  dye  laser  punped  by 
a  Spectra  Physics  9W  Argon  ion  laser  for  our  experiments.  The  laser  induced 
fluorescence  was  analyzed  using  a  Jobin-Yvon  1-m  spectrometer  and  detected 
using  a  photomultiplier.  The  laser  beam  is  chopped  at  about  720  Hz.  A 
signal  from  the  chqjper  serves  as  the  reference  for  a  lock-in  amplifier.  The 
output  of  the  photomultiplier  serves  as  the  input  signal  for  the  lock-in 
amplifier.  It  can  be  shown  that  the  lock-in  amplifier  signal  is  directly 
proportional  to  the  apparent  cross  section  for  the  electron  excitation  of  the 
particular  fi?Z  vibration  rotation  level  under  study.  The  output  of  the  lock-in 
amplifier  is  used  to  drive  the  y- input  of  the  x-y  recorder.  Thus  the 
apparent  cross  section  for  the  electron  excitation  of  the  particular  A  Z 
vibration- rotation  level  under  study  is  plotted  as  a  function  of  the  energy 
on  the  x-y  plotter.  After  passing  through  the  vacuum  chamber  the  dye  laser 
beam  is  incident  on  a  N2  discharge.  The  N2  discharge  was  obtained  using 
an  old  He-Ne  laser  tube  attached  to  a  vacuum  system.  The  He-Ne  laser  tube 
is  evacuated  and  then  filled  to  a  pressure  of  about  100  mTorr  with  N2.  A 
dc  discharge  is  ignited  using  the  electrodes  of  the  He-Ne  tube.  When  the 


dye  laser  wavelength  corresponds  to  the  wavelength  for  the  absorption  of  one 

of  the  A  Z  -*•  B  n  transition  then  the  i-v  characteristic  of  the  N2  discharge 

is  altered  by  the  optogalvanic  effect.  An  oscilloscope  monitors  the  voltage 

across  the  N2  discharge.  Using  the  optogalvanic  effect  in  this  manner  it  is 

possible  to  set  the  laser  wavelength  so  that  it  corresponds  to  the  wavelength 

of  the  particular  A  Z  -»■  B  n  transition  under  study.  We  have  found  that  it 

3  3 

IS  possible  to  observe  hundreds  of  A  Z  B  n  transitions  using  the  optogalvanic 
effect. 

It  was  stated  that  it  can  be  shown  that  the  output  of  the  lock-in 

amplifier  is  directly  proportional  to  the  apparent  cross  section  for  the 

3 

production  of  the  particular  A  Z  vibration-rotation  level  under  study.  In 
order  to  show  this  iuportant  result  it  is  necessary  to  carry  out  a  rate 

equation  analysis.  We  denote  the  P?Z  vibration  level  under  study  by  ”a". 

3  3  3 

The  A  Z  B  n  absoiption  induced  by  the  ^e  laser  leads  to  a  B  n  vibration- 

rotation  level  we  denote  by  "b".  The  rate  equations  for  levels  "a”  and  "b" 

are  given  by 


and 


-  Va  ^  %\a  ^  ’  ^ab^^a  ^ 


(1) 


(2) 


where  n  is  the  ground  level  N2  density,  J  is  the  electron  current  density, 
is  the  direct  electron  excitation  cross  section  for  level  i,  A^  is  the 
reciprocal  of  the  beam  crossing  time  for  the  metastable  A  Z  level,  A^  is 
the  reciprocal  of  the  lifetime  of  the  B^n  level,  A^j  is  the  radiative  decay 
rate  of  level  ”i”  into  level  "j",  B^^  is  the  Einstein  coefficient  for  induced 
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absorption,  is  the  Einstein  coefficient  for  induced  emission,  and  p  is 
the  energy  density  in  the  laser  beam.  It  is  well  loioMi  that  the  Einstein  B 
coefficients  are  related  by  ®ab  “  where  and  are  the 

statistical  weights  of  the  levels  "a"  and  "b"  respectively.  Note  that 
since  level  "a"  is  metastable  whereas  level  "b"  can  radiate.  The  steady  state 
solution  to  equations  (1)  and  (2)  is 

^  -  Qha)l 

Von  = 

where  and  are  called  the  apparent  cross  sections  and  are  given  by 
0^  =  Qa  +  Qja  ^  ^  ^  quantities  and  are 

called  optical  cross  section  and  are  given  l^y  Qj^  * 

Qjb  =  apparent  cross  section  is  the  sum  of  the  direct  cross  section 

plus  the  sum  of  the  optical  cross  sections  so  that  includes  direct  production  plus 
cascading.  The  quantity  y  is  given  by  Y  =  subscript 

"on"  indicates  that  the  laser  is  on.  When  the  laser  is  off  then  p  =  0.  The 
value  of  nj^  when  the  laser  is  off  is  given  by 

o 

initial  experiments  enq)loy  a  broadband  cw  dye  leiser  with  a  bandwidth  of 

1.5  -  4  X  10^®  Hz.  The  longitudinal  mode  separation  is  4.20  x  lO^z.  Thiis 

there  are  30-100  modes  in  the  laser  bandwidth.  Not  aJil  the  modes  lase 

simultaneously  and  in  fact  at  a  given  time  only  one  or  a  few  modes  may  be 

lasing.  The  inodes  that  are  lasing  change  in  time  so  that  a  given  mode 

3  3 

lases  only  part  of  the  time.  The  Doppler  width  of  a  N2  A  Z  B  n  transiticm 

g 

is  about  1.0  X  10  Hz  which  is  much  less  than  the  bandwidth  of  the  laser. 

3  3 

Even  when  the  laser  is  tuned  so  that  a  Dqjpler  broadened  A  Z  -»•  B  n  transition 
is  covered  by  the  laser  bandwidth  the  laser  modes  that  interact  with  the 
transition  may  not  be  lasing.  When  a  laser  mode  that  interacts  with  the 
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transition  is  lasing  the  intensity  of  the  mode  is  high  enough  to  saturate  the 


transition  i.e.  Thus  when  a  laser  mode  that  interacts  with  the 


transition  is  lasing  then 


on 


("j) 

'■  e’’ 


vdiere  we  have  used  the  result  A^»  A^. 

The  fluorescence  signal  when  the  laser  is  off  or  when  the  laser  is  lasing 
but  none  of  the  lasing  modes  interacts  with  the  transition  is  proportional 
to  The  fluorescence  signal  when  a  lasing  mode  interacts  with  the 

transition  is  proportimal  to  Thiis  the  fluorescence  signal  when  the  laser 

is  on  is 


“  ®%-on  *  (1  -  ®)"b-off 

where  B  is  a  constant  determined  by  the  time  average  of  the  laser  intensity, 
and  the  fluorescence  signal  when  the  laser  is  off  is 

^off  “  "b-off  • 

The  difference  between  S  „  and  S  is 

on  off 

nj  ^ 

'  ^off  “  ®^%-on  ■  "b-ofP  “  ^  ’ 

A 

Thus  we  have  shown  that  as  stated  -  S^££  is  directly  proportional  to  Q^. 

A 

A  measurement  of  Son  -  Soff  will  yield  the  energy  dependence  of  Q^.  An 
absolute  calibration  of  must  be  made.  For  our  previous  measurements  on 
Ne  we  have  calibrated  the  pure  triplet  cross  secticms^  by  use  of  the  fact 
that  the  direct  cross  section  for  a  triplet  excitation  falls  to  near  zero 
above  about  65  eV  and  hence  is  equal  to  the  cascade  contribution  at 
higher  energies.  Thus  by  measuring  the  cascades  absolutely  the  absolute 
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value  of  0^  can  be  obtained  above  65  eV.  For  our  measurements  on  N-  this 

Si  L 

will  probably  not  be  possible  so  we  hope  to  use  a  laser  intense  enough  to 

3 

excite  all  the  A  E  molecules  and  to  calibrate  the  absolute  cross  section  in 
terms  of  the  absolute  value  of  the  laser  induced  fluorescence. 

We  have  attanpted  to  measure  the  value  of  apparent  cross  section  of 
many  different  vibration  rotation  levels  of  the  A^E  level.  We  have  been 
unable  to  detect  any  laser  induced  fluorescence  no  matter  what  the  initial 

3 

vibration  rotation  level  of  the  A  E  levels  using  a  multimode  laser.  Because 
the  modes  of  a  multimode  laser  do  not  necessarily  lase  all  the  time  the 
laser  does  not  fully  interact  with  the  level  under  study.  In  order  to 
rectify  this  problem  we  have  set  up  a  single  mode  ring  dye  laser  and  have 
attenpted  to  measure  the  laser  induced  fluorescence  using  it.  Again  the 
results  were  negative.  Since  we  have  previously  observed  very  strong  signals 
from  the  laser  induced  fluorescence  when  studying  the  Ne  metastable  levels  we 
must  ask  "Why  is  no  signal  detected?"  We  believe  that  the  reason  we  do 
not  detect  a  signal  for  is  that  there  are  so  many  vibration-rotation 
levels  in  the  A^E  level  that  the  population  due  to  any  individual  level  is 
too  small  to  produce  an  observable  laser-induced  fluorescence  signal. 

One  possible  way  to  resolve  this  difficulty  is  to  use  a  light  source  with 
a  bandwidth  wide  enough  to  punp  all  the  rotatiwial  levels  associated  with 
a  given  vibrational  level  of  the  A^Ej^  electronic  level.  A  pulsed  dye  laser 
does  not  have  well  defined  modes  so  all  the  rotation  levels  may  interact 
with  the  laser.  A  N2  laser  pumped  dye  laser  can  easily  have  enough  power 
to  saturate  all  the  N2  molecules  in  all  the  rotational  levels  associated 
with  a  given  vibration  level.  Although  we  have  not  yet  been  successful  in 
measuring  the  electron  excitation  cross  sections  for  the  metastable  A  E 
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level  of  the  N2  molecule,  we  suggest  that  the  schane  outlined  above  is 
a  premising  method  for  molecular  metastable  levels.  Once  the  fundamental 
cross  sections  are  determined,  it  is  possible  to  study  the  reactions  that 
occur  in  a  pulsed  N2  system.  The  processes  include  the  production  of  the 
A^I,  B^n,  and  C^II  levels  and  the  various  quenching  and  excitation  transfer 
reactions  that  follow  their  production. 

!»  ■ 
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